Abstract
Introduction
Amplifier is an important part of the high-frequency transmitter-receiver structure such that it takes great share of power consumption. Different types of amplifiers are categorized according to their linear feature, efficiency, and output power. Depending on the application type, certain features are prioritized based of which class type is determined. Different classes can be, briefly, divided into linear and non-linear classes. Linear amplifiers operate in constant gain and based on the theory of load line. And, they suggest that the maximum output of transistor can be delivered to the load, which is characterized by the voltage and the maximum current of the transistor. Switching function is among non-linear features of amplifiers when total power is delivered to the load their efficiency may reach to 100%. However, some other shortcomings of linear amplifiers are heat loss and high volume. In recent years the trend has been high toward switching amplifiers their design is done based on the transistors switching on/off, resulting in reduced volume of the amplifier due to low power loss. However, the amplifier with high efficiency demonstrates high non-linear behaviors. Thus, one can use non-linear classes of power amplifier using the determined modulation type by the standards. Non-linear Class F is divided into two inverse Class F and F. The significant feature of Class F is improving the gain and efficiency (efficiency in theory is 100% while in practice about 70%) caused by the resonant circuits, avoiding of voltage and current overlap, and, in turn, power loss. In class F, voltage contains odd-numbered harmonics, while current has only even-numbered harmonics whereas, in inverse class F, voltage and current contain even-and odd-numbered harmonics, respectively.
In [1] , an adaptive multi-band multi-mode integrated CMOS power amplifier was designed in switching mode. The proposed power amplifier utilizes waveform driving optimization so as to increase the output power and gain efficiency. The overall size and cost are reduced only by using an adaptive transfer route instead of multiple routes. In [2] , multimode/multi-band power amplifier with strengthened modulator source was proposed for GSM applications. Harmonic control circuits were combined with output bandwidth matching circuit in fundamental frequency to reduce the size of mobile. Envelope tracking may lead to highefficiency amplifier. It can also improve linearization at the maximum output power. In [5] , a new applied configuration of output network for multi-band power amplifier was suggested for mobile global telecommunications system Universal Mobile Telecommunications System (UMTS). In order to increase efficiency at low output power operation, the bypass technique is used. In [6] , the proposed CMOS power amplifier can operate simultaneously or separately in bands of GSM, GPS and WLAN using the matching network configuration. In [8], wideband multi-band power amplifier design for developing defined radio software was proposed [9-10]. In this paper, Compared with other circuits, the proposed circuit has a wider frequency range and smaller operation area as well as better adjusted output impedance.
Power Amplifiers Class F and Inverse Class F

Power Amplifier, Class F
A class F amplifier is shown in Figure 1 (a), which acts as open-circuit and short-circuit in response to the odd-and even-numbered harmonics, respectively. This, in turn, results in voltage waveform contains odd-numbered harmonics with square shape, while current waveform contains even-numbered harmonics with half-wave shape. Voltage and current waveforms of Class F is depicted in Figure 1 Figure 2(a) ). Voltage and current waveform of inverse class F is illustrated in Figure 2 (b) . Current waveform of drain contains odd-numbered harmonics with square shape, while current waveform contains even-numbered harmonics with half-wave shape. 
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Proposed Class F Amplifier Power Structure
The proposed power amplifier ( Figure (3) ) is of class F type which is designed in frequency bands of 1800 MHz with output power of 30 dBm. Using the odd resonance circuit between the load and transistor, the drain voltage wave form become close to the square shape while current wave form is similar to half-wave shape. It can be proved that in the squared shape formation of the voltage waveform, the third harmonic plays the greatest role. It should be noted that the fifth harmonic is also used to enhance the accuracy. Power amplifier composed of two main parts: main amplifier, harmonic circuit in Class F. One of the difficulties encountered in implementing Class F is the lower gate oxide breakdown voltage in the TSMC technology. This limits the power amplifier supply, affecting directly the output of the power amplifier. This problem, thus, is resolved using cascaded structure and the output power is enhanced.
When a transistor's load is a large inductor or choke RF, the maximum swing of voltage at the drain of this transistor may be twice the supply voltage.
Harmonic Circuit in Class F
Balance between quality and bandwidth should be observed in harmonic circuit design. In the early design, the frequency response and elements impedance of harmonic network, and the then the whole network are evaluated separately and elements are determined. Optimization was performed after placing in the main circuit. It is obvious that the main weakness for output power is due to the fundamental frequency harmonic and the oddnumbered harmonics are placed in a rout from transistor to the output only to form square waveform in drain base voltage. It should be noted that odd-numbered harmonic impedance should be insignificant in fundamental frequency throughout the design process to avoid of power loss. In the design procedure, odd-numbered harmonics are first designed separately. Figure 5 (a) shows the odd-numbered harmonics part.
It is seen that there exist 3rd and 5th harmonics in series and simultaneously. Fundamental frequency harmonics can be paralleled to each other. i.e, even-numbered harmonics should be short-circuited in Class F. 
Simulation Results
Figure (6) shows the output power, gain, and efficiency of amplifiers simultaneously on a single diagram. It can be seen that received power at the total period is almost constant and is approximately 30dBm and Gain-Operating 26. Efficiency in low input powers is approximately 25% and increases linearly (with high slope) with the increase in input power, reaching 60% at the input power of 20%. After that, it reduces with the increase in input power. 
Conclusion
Class F structure was used in this type of amplifier in which network of harmonics block the odd-numbered harmonics. The proposed amplifier was designed at frequency of 1800MHz with gain of 30 dB, efficiency of 60%, and output power of 30 dBm. The proposed amplifier was simulated in ADS software based on 0.18m TSMC RF CMOS technology on transistor level.
